Age-related changes to Na+ channel gating contribute to modified intrinsic neuronal excitability.
Cognitive decline occurs during normal aging and is likely to be reflected in the neurophysiological properties of neural circuits with key roles in cognition, for example those of the limbic system. To identify candidate neurophysiological changes we used patch clamp methods to compare the intrinsic excitability properties of hippocampal CA1 pyramidal neurons of mature adult (8-10 month) and aged (22-24 month) mice. Resting potential, input resistance, and the "sag" observed on injection of hyperpolarizing current were not age-dependent. In contrast, the patterns of spike firing observed with depolarizing current injections demonstrated the presence of an age-related hypoexcitability. Action potential waveform analysis revealed that spike thresholds were approximately 3 mV more depolarized in aged animals. In line with this, voltage clamp recordings of Na(+) currents from nucleated macropatches exhibited an approximate 3 mV depolarizing shift in the voltage-dependence of activation gating. Inactivation curves, in contrast, were not different. These data indicate alterations in Na(+) channel activation gating contribute to neuronal hypoexcitability in aging, and therefore may be a factor in age-related cognitive decline.